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7KUHH RXW RI WKH ILYH OD\HUV WKDW FRQVWLWXWH WKH WUDFN VWUXFWXUH QDPHO\ WKH UDLO WKH VOHHSHU DQG WKH
EDOODVWFRQWULEXWHRQO\WRWRWKHWRWDOWUDFNVWLIIQHVV7KHWRWDOWUDFNVWLIIQHVVLVPDLQO\DIIHFWHGE\
WKH VWDWLF VWLIIQHVV FRHIILFLHQWV RI WKH SDG ȡSDG DQG RI WKH VXEVWUXFWXUH ȡVXEVWUXFW )LJXUH  GHSLFWV WKH
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FRQVHTXHQWO\WUDQVLWLRQ]RQHRIP,QWKHFDVHRI6ODE7UDFNDYHU\ZHOOFRPSDFWHGDQGFRQVWUXFWHG
VXEVWUXFWXUH LV GHPDQGHG LQ RUGHU WR DYRLGRUPLQLPL]H WKHSHUPDQHQW VXEVLGHQFH DQG WKLV LPSOLHV D
VWLIIQHVVFRHIILFLHQWȡVXEVWUXFWXUH N1PPIRUWKHWRWDOOHQJWKLQEDOODVWHGWUDQVLWLRQDQGVODEWUDFN
*LDQQDNRV HW DO E ,Q D VHFWLRQ RI WUDFN OHW
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)RUWKHDFWLRQVUHDFWLRQVRQWKHWUDFNSDQHODWHDFKVXSSRUWSRLQWRIUDLOIDVWHQLQJV
SRVLWLRQRUVOHHSHU
WKH IRXUPHWKRGV IRU WKH HVWLPDWLRQRI ORDGVRQ UDLOZD\ WUDFNSUHVHQWHG DERYHZHUHSURJUDPPHG LQ D
FRPSXWHUFRGHDQGSDUDPHWULF LQYHVWLJDWLRQVZHUHSHUIRUPHGE\YDU\LQJ WKH WRWDO VWDWLF WUDFN VWLIIQHVV
ȡWRWDO7KLVPHWKRGRORJ\ZDVDSSOLHGIRUVODEWUDFNWUDQVLWLRQ]RQHEDOODVWHGWUDFNDVVXPLQJPD[LPXP
D[OHORDGN1PD[LPXPRSHUDWLRQDOVSHHGNPKPL[HGWUDIILFRISDVVHQJHUDQGIUHLJKWWUDLQV
1RQ6XVSHQGHG 0DVVHV  N1ZKHHO 8,&  UDLO  NJP PD[LPXP FDQW GHILFLHQF\  PP
GLVWDQFHRIWKHYHKLFOH¶VFHQWUHRIJUDYLW\IURPWKHUDLOUXQQLQJWDEOHPDYHUDJHFRQGLWLRQRIWKHUDLO
UXQQLQJ WDEOH ZLWK FRUUHVSRQGLQJ FRHIILFLHQW N  IRU PRUH GHWDLOV VHH *LDQQDNRV HW DO G DQG
*LDQQDNRV E DQG ZKHHO GLDPHWHU P  LQ )RU WKH VODE WUDFN : IDVWHQLQJV ZHUH
FRQVLGHUHG FRQVLVWLQJRI D FRPELQDWLRQRI WZR UDLO SDGV=ZS DQG=ZD)RU WKHEDOODVWHG WUDFN
:IDVWHQLQJZLWKSDG=Z6DDUJXPPLZDVFRQVLGHUHG)RU WKH WUDQVLWLRQ]RQHRIPGLYLGHG LQ
































7KH HPEHGGHG WUDFN JLYH YHU\ ORZ DFWLRQV RQ WUDFN FRPSDUHG WR WKH VODE DQG EDOODVWHG KLJKVSHHG
WUDFNVGXHWRWKHYHU\ORZVSHHGVFRQVHTXHQWO\WKHUHVXOWVDUHQRWSUHVHQWHGLQWKHILJXUHVVHH*LDQQDNRV
D 7KH IROORZLQJ PDLQ SRLQWV DUH QRWHZRUWK\ D ,Q DOO VHFWLRQV VODE  WUDQVLWLRQ  EDOODVWHG
*LDQQDNRV  PHWKRG SUHGLFWV KLJKHU ORDGV RQ WKH VXSSRUW SRLQWV WKDQ WKH RWKHU WKUHH PHWKRGV
SUHVHQWHG LQ WKLV SDSHU 7KLV LV EHFDXVH WKH VWDWLF FRPSRQHQW RI WKH WRWDO ORDG DFWLQJ RQ WKH VOHHSHU LV
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GHULYHGIURPDGLVWULEXWLRQWKURXJKWKHƖG\QDQGDSUREDELOLW\RIRFFXUUHQFHLVXVHGIRUWKHLQFUHDVH
RI WKH G\QDPLF FRPSRQHQW RI WKH ORDG QRW GLVWULEXWHG WR WKH DGMDFHQW VOHHSHUV E WKH ORDGV RQ WKH
VXSHUVWUXFWXUHRIWKHVODEWUDFNDUHORZHUWKDQLQWKHFDVHRIWKHEDOODVWHGWUDFNHYHQWKRXJKWKHIRUPHULVD
PRUHULJLGV\VWHPGXHWRWKHKLJKHUHODVWLFLW\PLQRUVWLIIQHVVFRHIILFLHQWRIWKHUHOHYDQWIDVWHQLQJVDQG
SDGV F WKH WRWDO VWLIIQHVVRI WUDFN ERWK VWDWLF DQGG\QDPLF LV VPRRWKO\ FKDQJLQJ IURP ORZHU LQ VODE
WUDFNWRKLJKHUVWLIIHULQEDOODVWHGWUDFNWKURXJKWKHWUDQVLWLRQ]RQHDQGGWKHDFWLRQVUHDFWLRQVRQHDFK
VXSSRUW SRLQW RI WKH UDLO VOHHSHU RU IDVWHQLQJ  DUH DEQRUPDOO\ FKDQJLQJ IURP ORZHU LQ VODE WUDFN
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LQFDOFXODWLRQ
RI WKH VWUHVVHV WKDW \LHOGV UHVXOWV FORVH WR WKHPHDVXUHG YDOXHV RQ WUDFN (LVHQPDQQ  SURSRVHV D
SUREDELOLW\RIRFFXUUHQFHIRU WKHVXEVWUXFWXUH  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IRU WKHVWUHVVRQEDOODVW








SUHVHQWLQJ ORZHUYDOXHVRI DFWLRQV LV QRW SUHVHQWHG VLQFHEDOODVWHG DQG VODE WUDFNV DUHPRUHGHFLVLYH LQ
WUDFN
VGLPHQVLRQLQJ )RXUH[LVWLQJPHWKRGVDUHXVHG IRU WKHHVWLPDWLRQRI WKH ORDGVRQ WKH WUDFN WZR
HTXDWLRQVFLWHGLQ*HUPDQOLWHUDWXUHWKHROG*HUPDQPHWKRGDQG(LVHQPDQQWKH$5(0$)UHQFK
DQG *LDQQDNRV  PHWKRG 7KHVH PHWKRGV DUH XVHG WR FDOFXODWH WKH DFWLRQV ZLWK DSSURSULDWH
FRQILGHQFH OHYHOV DQG FRQVHTXHQWO\ WKH PHDQ VWUHVV RQ WKH VXEVWUXFWXUH FRXOG EH FDOFXODWHG VLQFH WKH
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$OH[DQGURXSROLV2FWREHU3URFHHGLQJV
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&RGH5(DUWKZRUNVDQGWUDFNEHGOD\HUVIRUUDLOZD\OLQHV

